Introduction
In recent decades, the domestic economy of China, as well as its transportation and construction, have been developing at a rapid pace. Along with this development, the incidence of traumatic brain injury (TBI) has also increased and contributes to the increased rate of posttraumatic epilepsy (PTE). 1 To avoid the risk factors of PTE efficiently and reduce its incidence, the clinical characteristics of PTE should be investigated. So far, no epidemiological research based on a large sample of PTE patients in China has been published. Therefore, a series of retrospective and followup investigations on TBI patients who were discharged from the Brain Trauma Center in our hospital from September 2004 to September 2008 was conducted to determine the incidence rate and the risk factors of PTE and provide clues for intervention.
Follow-up investigation
Follow-up investigation was conducted via telephone to contactable patients with complete information. The TBI Patient Follow-up Investigation Survey prepared in our hospital was used during the follow-up, which was performed three to five years after the occurrence of TBI. The follow-up survey contains the general condition of the patient, the occurrence of seizures, the type of seizures, the frequency of seizures, the treatment condition, and so on. Patients with seizures or a possibility of seizures were advised to seek a clear diagnosis at our hospital.
Auxiliary examination
All patients acceded to cranial CT scan, and some acceded to brain MRI examination.
PTS and PTE diagnoses and PTE classification
Epileptic seizures and epilepsy was diagnosed on the basis of the 1981 and 1989 Classifications of Epileptic Seizures and Epilepsies and Epileptic Syndromes (ICE) of the International League Against (ILAE). To be eligible, subjects had to have Obvious trauma history before seizure, no history of epilepsy; with electroencephalophysiological evidence and typical seizure. 4 Posttraumatic seizures (PTS) exclude other diseases that may cause seizures such as cerebrovascular diseases, infections, brain space-occupying lesions, degenerative diseases, encephalodysplasia, and so on.
PTS was defined according to the time of seizure onset, as follows: acute seizures occur within 24 h after trauma; early-stage seizures happen within one week after trauma; and late-stage seizures occur more than one week after trauma.
PTE was diagnosed only when two or more seizures occurred without acute provocation after the acute phase of injury recovery had passed. All cases of PTE were diagnosed by neurologists after a review of the medical charts and follow-up interview data.
Severity of seizures
Severity of seizures can be categorized into three types according to the type and frequency of seizures within 12 months, as follows: mild, medium, and severe 5 ( Table 1) .
Electroencephalogram (EEG) examination
Electroencephalogram (EEG) examinations were performed on all patients with suspicious seizures using a 32-conduct electroencephalograph (Bio-logic Systems Corp, Illinois, USA). EEG recorded at least 60 min, records include awake, during eyesopen/eyes-closed states, during hyperventilation, with sphenoidal electrodes, and while the patients were sleeping.
Material processing
A database was created in Excel, and statistical analysis was performed using SPSS 12.0. The data are presented as mean AE standard deviation (SD). The incidence rates are expressed in percentile, a chi-square test was used to compare the incidence, and a multivariate linear regression analysis was used to determine the independent factors that affect PTE after TBI. Stepwise methods were used to screen variables, which were included at a level of 0.05 were included, whereas those at a level of 0.1 were excluded. Residual analysis was used to identify if any outliers, which were defined as data outside three standard deviations, were present. Casewise diagnostics was used to further identify the outliers in the regression. Our results were not driven by outliers according to the aforementioned analyses. PTE was represented by the dependent variable (Y), and the factors affecting PTE were designated as the independent variable (X). A significant difference was indicated by p < 0.05.
Results

Demographic information
A total of 4114 TBI cases were admitted into our Brain Injury Center from September 2004 to September 2008. Of these, 3810 cases were discharged after treatment, 210 patients died, and 94 cases were in other situations. We attempted to contact the 3810 discharged patients by telephone; 54 have already died because of other diseases or accidents, and 930 were not contactable they had their phone numbers changed, among other reasons. Among the 2826 successfully followed-up patients, 2046 were male, and 780 were female. The age ranged from 4 to 79 years old, with a mean age of 36.94 AE 14.62. The follow-up occurred three to five years after brain injury. A total of 141 PTE cases were recorded three years after the brain injury, at an incidence rate of 5.0%. Of these, 103 were male (73.0%) and 38 were female (27.0%); the age ranged from 10 to 70, with a mean age of 40.70 AE 15.62. A comparison of the age distribution between TBI and PTE (Table 2) shows that the peak incidence of TBI occurred between 20 and 50 years of age (56.03%); TBI incidence was mainly distributed at the age ranges of 30-39 (26.2%), 50-59 (22.7%), and 20-29 (17.7%). High PTE incidence was observed on the 60-69 (15.8%) and 50-59 (8.0%) age ranges.
PTE diagnosis
Among the 2826 TBI patients, 11 (0.4%) were diagnosed as acute seizures, with 7 (63.6%) suffering from late-stage seizures (accounting for 5.0% of the total PTE cases); 13 cases (0.5%) were diagnosed as early-stage seizures, with 9 (69.2%) suffering from late-stage seizures (accounting for 6.3% of the total PTE cases); and 125 cases (88.7%) were diagnosed as late-stage seizures occurring Eight cases (5.7%) had seizure frequencies higher than once a week, 98 cases (69.5%) had frequencies higher than once a month, and 35 cases (24.8%) had seizure frequency higher than once a year.
In terms of the severity of seizures, 35 cases (24.8%) had medium seizures, 106 cases (75.2%) had severe seizures, and no cases (0%) had mild seizures.
Auxiliary examination
All the 141 PTE patients underwent an EEG examination during their hospitalization or on a subsequent visit. EEG monitoring was conducted for at least one hour, including flash stimulation, waking, and sleeping, as well as with sphenoidal electrodes. A total of 14 cases showed normal EEG during interictal, 61 cases showed epileptiform discharges (49 with onesided discharge, 12 with double-sided discharge), and 66 cases had local cerebral slow wave. Abnormal rate of EEG monitoring was approximately 90.1%.
Factors affecting PTE
The correlation analysis involved 13 A multivariate linear regression analysis was performed to identify the most significant factor of PTE. PTE was set as a dependent variable (Y), and the factors affecting PTE were represented by the independent variable (X). The variance of the regression analysis shows that five factors are significant differences (P < 0.01) ( Table 4 ). The regression results show that age (X1) (b = 0.015, P = 0.000), TBI severity (X2) (b = 0.035, P = 0.000), neuroimaging results (MRI/CT) (X3) (b = 0.009, P = 0.016), treatment methods (X4) (b = 0.051, P = 0.000), and early-stage seizures (X5) (b = 0.644, P = 0.000) entered the regression model of PTE and continued to be independent predictors of PTE after TBI. The presence of fractures (X6) did not appear as an in independent predictor in the regression model; however, Table 2 shows that the incidence rate of PTE in TBI patients with fractures (8.2%) is noticeably higher than in TBI patients without fractures (3.3%). The chi-square test shows a clear correlation between PTE and the presence of fractures. The final regression model is expressed as follows:
The results show that the older the patients, the higher the incidence of PTE. In patients over the age of 50, the incidence reached 8.5%. When the severity of TBI increased, the incidence of PTE also increased. For severe head trauma, the incidence reached 17%. Similarly, the higher number of treatment methods used, the higher the incidence of PTE. If patients had two or more surgical treatments, the incidence would reach 22%. Abnormal neuroimaging results contributed to increase incidences of PTE. Further research shows that contusions led to the highest incidence (12%), followed by intraparenchymal brain hemorrhages (7.8%). Earlystage seizures after TBI also clearly increased the risk of incidences of PTE (66.7%, Table 3 ).
PTE treatment
A total of 78 patients (55.3%) accepted treatment, whereas 63 (44.7%) did not.
All patients were administered with Western medicine. Among them, 10 cases (12.8%) were treated with adjuvant Chinese medication, 11 (14.1%) were given folk-medicine prescriptions, 6 (7.7%) were treated via acupuncture, and 2 cases (2.6%) underwent surgery. The most commonly used antiepileptic drugs included Depakine (51.3%), Tegretol (44.9%), and phenytoin sodium (32.1%).
Other medications, such as phenobarbital, oxcarbazepine, lamotrigine, clonazepam, and others were also administered. Approximately 42.3% of the patients took only one antiepileptic drug, whereas 57.7% took two or more kinds of drugs. A total of 41 cases (52.6%) showed good compliance and followed the doctor prescriptions, and 37 cases (47.4%) showed bad compliance, with various degrees of missed, reduced, or withdrawn doses.
Discussion
Posttraumatic epilepsy is one of the common complications of traumatic brain injury. Published reports show that PTE incidence varies from 1.8% to 53% because of differences in the research participants and samples. PTE incidence ranges from 1% to 10% among normal people, and from 10% to 13% among inpatients. For PTE induced by war injuries, the incidence rate can reach 34%. Most seizures occur within one year after injury, although they can also manifest several years after the trauma. 6 Investigations on the incidence of PTE are very rare in China. Research articles have reported that the incidence of PTE is from 7.91% to 13.8%; however, these results were based on clinical analyses with small sample sizes. The current study shows a PTE incidence rate of 5.0% during the first 3 years after trauma in 2826 TBI patients, with 66.0% occurring within the first 6 months after the injury and 76.9% within the first 12 months after TBI.
On the basis of the primary injury in patients with TBI, epileptic seizures can deteriorate pathological injury of brain tissue and neural biochemical changes. They may also exacerbate the disease, increase the complexity of treatment, and seriously affect the daily life of the patients, which can and lead to employment problems. Among the various risk factors of PTE after TBI, the severity of TBI plays an important role as one of the independent risk factors. Our study shows that the incidence rates of PTE for mild, medium, and severe injuries, are 3.6%, 6.9%, and 17.0%, respectively, based on the GCS classification. This result is consistent with those of other similar reports, which indicated that PTE incidence increases as the severity of TBI increases. [7] [8] [9] [10] Similar to our investigation, a German study on 612 patients hospitalized with all TBI severity levels reported on the results of telephone contacts with 559 of the patients approximately 36 months after their injuries. Around 2.5-14% of the patients developed PTE, and the incidence increased with the severity of TBI. 10 Our study shows that acute and early seizures, as independent risk factors, can significantly increase the risk of late seizures. Approximately 66.7% of the cases with acute or early seizures, which corresponds to 11.3% of all PTE patients, suffered from late seizures. These results are similar to those reported by most investigators. 7, [11] [12] [13] However some researchers reported that the occurrence of posttraumtic epileptic seizures is not an obvious risk factor of PTE. 9, 14 Age is an independent risk factor that affects PTE. In our study, the age was positively correlated with the risk of PTE after TBI. The results show that the only peak in the PTE incidence rate was observed in patients 50-69 years of age. Although other factors affecting the rate of PTE were excluded as much as possible during the telephone follow-up, we still believe that these factors contribute to the increase in the incidence of PTE among older individuals, given that older patients are less flexible in terms of movement and have systematically reduced physical functions. In addition, the risk of stroke and other chronic diseases of the nervous system are obviously increased in older patients. Stroke is a common predecessor to epilepsy. This observation is consistent with report findings based on laboratory animals, which showed an increased risk of seizures among older individuals. 15 The imaging results show a significantly higher PTE incidence among TBI patients with abnormal imaging compared with those with normal imaging. Among the TBI patients with abnormal imaging, the PTE incidence is highest in patients with contusions (with or without extraparenchymal hemorrhage) (12.0%), followed by those with intraparenchymal brain hemorrhages (7.8%), and those with extraparenchymal hemorrhages alone (6.3%). These results indicate that abnormal imaging is one of the risk factors of PTE; however, the underlying mechanism remains unclear. One of the possible explanations is that contusions usually injure the neurons in the cortex and lead to bleeding in the subarachnoid, which directly stimulates the neurons of cortex. The vasospasm caused by subarachnoid hemorrhage, as well as the clot decomposition products, can induce neuronal discharges. Further research on this topic is necessary. Englander et al., 12 found that multiple craniotomies may increase the PTE incidence rate (36.5%). In the current study, the PTE incidence rate among patients who underwent one surgery treatment (single puncture external drainage) is 2.6%, which is slightly higher than that observed for those with conservative treatment (2.3%). Meanwhile, the rate significantly increased to 22.0% in patients who underwent two or more surgeries. Thus, we conclude that selective surgery can possibly reduce the risk of PTE. Current reports on the effect of income on the incidence of PTE are inconsistent. A study on persons hospitalized for TBI in a racially mixed, low-income New York community found an almost three-fold increase in the prevalence of epilepsy compared with persons from Minnesota. 16 Our results are consistent with those of another report. 17 No difference in the development of PTE based on income prior to the occurrence of TBI was found. In addition, sex, education, occupation, marital status, and the cause of TBI was also no difference in the development of PTE after TBI. To date, the pathogenesis of PTE remains unclear, possibly due to multiple reasons. Possible mechanisms include the effects of iron, changes in brain blood circulation, neurobiochemical substances, scars, glial proliferation, abnormality in the neural transmitters and receptors, axon lateral branching, breaks in the neuron-glial link, and so on.
Several types of seizures can occur after TBI, with partial seizures as the major manifestation. In this study, all 141 patients had partial seizures with or without secondary generalized seizures. In addition, half of the clearly diagnosed patients received anti-epilepsy drugs, as described in Section 3.5. The results also reveal that some patients underwent nonstandardized treatment and inappropriate medication. For instance, phenytoin sodium had already been withdrawn as a first-line drug because of severe side effects. However, one third of the patients still took them. This finding indicates a necessity to reinforce relevant education to patients and their family, as well as to medical personnel.
In conclusion, this investigation shows that the incidence of PTE after brain injury is related to age, severity of disease, imaging results, treatment, and early-stage seizures. Although the current retrospective research was based only on hospitalized patients and therefore suffered from a limited number of samples as well as from constraints in the telephone follow-up, we believe that the reference value is positive. In future studies, the scope of sampling must be expanded through a multicentered investigation. The characteristics of PTE, including the incidence and risk factors in China, must be further investigated to provide patients with an advanced clinical diagnosis and treatment.
